The prevention of dental enamel wear has particular relevance for preventive and restorative purposes in dentistry. The wear damage can increase due to salivary disorders and/or parafunction (bruxism); antagonists incisal surfaces become flat and coincident. This study aims to investigate the wear behavior and the related mechanisms in sliding pairs of conformal incisal enamel, with similar values of hardness and fracture toughness, with different applied normal loads and lubricated conditions. Bovine incisors, under pin on flat configuration, were tested in two lubrication condition (dry or with natural saliva) and two applied normal loads (8 and 16 N). The worn surfaces were investigated by 3D profilometry and SEM. The analysis of worn surfaces indicated mechanisms of brittle fracture, but with different severities. Under a normal load of 16 N and dry condition, wear is controlled by a brittle process: microcracking with flake-like wear particles, which results in high friction coefficient (> 0.85), wear rate and wear volume. On the other hand, under a normal load of 8 N and natural saliva, wear took place in the interprismatic region, with consequent exposure of prisms and fracture in localized regions. In this case, the friction coefficient was 16% lower and the wear volume was one order of magnitude lower. Under 8 N and natural saliva, the wear was greater than in the dry condition, probably due to tribochemical reactions.
INTRODUCTION
Tooth wear is a very common problem, without prevention or treatment protocols established; increases with age, due to the functional use of the teeth, but this is not enough to explain tooth wear found in children and young adults. The wear may be the result of specific factors such as diet, reduced salivary flow or high loads resulting from parafunctional habits of teeth grinding -bruxism [1] [2] [3] [4] . For example, the presence of enamel wear was common to all subjects examined among 1010 adults with different ages (18-30 years) . The most commonly affected teeth were the incisors, on the incisal surface [5] . The wear of the incisal surfaces, which do not normally come into contact during masticatory movements, can be attributed to parafunctional habits. The shiny/smooth feature of antagonists teeth incisors and canines, as also the coincident incisal surfaces, on regions not involved with masticatory movements are reference signals for the clinical diagnosis of bruxism/parafunctional habits [6] . Although dental enamel is an acellular tissue highly mineralized (microscopic crystals of calcium phosphate apatite represent 99% of the dry weight) [7] and with high hardness [8] , it has a low plastic deformation capability. For these reasons dental enamels are more likely to suffer brittle fracture when subject to the contact stresses. Like ceramic materials, when two teeth slide over each other (wear mode that represents bruxism), the stress distribution is modified and there is a reduction in the normal load necessary to cracks nucleation and propagation [9] . The presence of a lubricant could change the wear regime from severe to mild, although could also induce chemical reactions on surface, which affect wear behavior, as found for ceramic materials [10] . Like these materials, the dental enamel also shows a wear reduction when lubricated by saliva [11] . Wear mode changes caused by different environments could be explained by mechanical properties variations in the enamel surface and/or by chemical reactions induction [12, 13] . However a little is known about the synergistic effect between saliva and loading on the induction of brittle mechanisms or tribochemical reactions when two incisal surfaces slide over each other. Due to several buccal environments, different applied loads during parafunctional movements and the constant change in worn surfaces features, laboratorial reproduction of the enamel wear mode in sliding conditions becomes complex. Besides that, mechanical properties related to the enamel wear behavior, as hardness, fracture toughness and elastic modulus, are modified by anisotropy and non-uniform chemical composition in different layer depths and also at the same layer [7, 8, 14] . In this way, to understand the dental wear behavior it is important to characterized dental tissue properties, like hardness and fracture toughness, together with tribosystem parameters, as load, velocity and lubrication. This work aims to investigate the sliding wear behavior of bovine dental enamel. The sliding wear tests were performed in a pin-on-flat configuration with different applied normal loads in dry and lubricated conditions. Enamel surfaces were mechanically characterized by microhardness and fracture mechanics tests. Wear volume are calculated and micromechanisms evaluated. 
MATERIAL AND METHODS

Specimen Preparation
Recently extracted bovine teethes were kept in water at 4 C and after were embedded in acrylic resin chemically activated to form 20 sliding pairs, counter-body and body, pin on flat configuration (Figure 1) . The specimens were cut in a machine designed for this purpose (Figure 2 ). It has been demonstrated that the bovine enamel has a microstructure similar to that of human enamel. However, the apatite particle size is 22-23 nm for bovine and 110-200 μm for human [15, 16] . After cutting and embedment, the body and the counter-body are polished down to 1200 grades and alumina suspension (6, 3 and 1 m). The Sq value was 1.17±0.05 μm. After polishing, all the samples were stored in distilled water at 4 C. Indentation tests were run on the specimens before reciprocating sliding tests. Six Vickers indentation (HV1,0) were made for each specimen ( Figure 3 
Lubricant
The lubricant used in some pairs was natural saliva. Saliva was collected from a single donor, after chewing semitransparent polymer film, odorless, colorless, tasteless and water resistant. The donor was instructed not to eat or drink for 1 hour before saliva collection. The saliva collected in the first minute was discarded. The stimulated saliva was placed in a sterile bottle each 1-minute intervals. They were collected 6 ml of saliva; immediately after collection, 0.5 ml of saliva was deposited on the flat surface of the body with graduated syringe. The donor consented to participate in the study and signed an informed consent.
Reciprocating Sliding Tests
Reciprocating sliding tests are carried out on CETR ® tribometer (Figure 4 ). To avoid individual differences and to assure the repetition of experimental results, five tooth pairs were tested for each condition. The specimens were grouped into four subgroups (5 pairs in each sub-group), according to the normal load and the lubrication condition: 8 N without lubrication (dry condition); 8 N, natural saliva; 16 N, dry condition; 16 N, natural saliva. The normal load values were estimated from measurements of bite force [20] [21] [22] . Of the 5 pairs tested in each condition, 3 tests had duration of 900 s and 2 tests were interrupted on 40 s. The other test parameters were as follow: sliding speed 2 mm/s; frequency 0.25 Hz; room temperature. The sliding speed and frequency used in this study were based on clinical observation. Variations of tangential force vs. reciprocating displacement and coefficient of friction (μ) were recorded automatically as a function of time. Wear was determined from wear volume. The final wear volume of each condition was decided by the mean of three tests of 900s.
Worn Surfaces Evaluation
After cleaning by distilled water and ethanol using ultrasound, topographycal analysis was performed in a Taylor Hobson profilometer to verify the wear volume and Sq in the worn surfaces. The worn surfaces were also analyzed in the Scanning Electron Microscopy (SEM).
RESULTS AND DISCUSSION
Wear Behavior -40s tests
The early stages of wear process were observed in samples tested during 40s, with a normal load of 8 N and in both lubrication conditions, as shown in Figure 5 . In dry condition, due to compression loads, prisms were separated and the formation of debris occurred, which can be seen in Figure 5 (a) and (b). In natural saliva condition, the loss of material started at the interprismatic region, wich can be seen in Figure 5 (c) (interrupted test). The initial enamel material loss at the interprismatic region has been reported, but under three-body wear condition [23] . It was reported that, compared to those in the enamel prisms, Young's modulus and hardness were lower in the interprism enamel, which can be due to changes in crystal orientation and the higher content of soft organic tissue in these areas [7, 14] .
Wear Behavior -900 s tests
The wear volumes of specimens tested under different conditions are shown in Figure 6 . It could be noted that the wear volume at low load, 8 N, is smaller than that of 16 N, in both lubrication conditions. Under a normal load of 8 N, the presence of natural saliva leads to a higher mass loss (approximately 8 times). This could be explained by the synergistic effect of loading and tribochemical reactions when samples are lubricated with natural saliva. Figure 7 illustrates this behavior: while in 7 (a) there are typical characteristics of mechanical wear, figure 7 (b) it is likely to be a tribochemical wear: a worn smooth surface despite a large amount of lost volume. On the other hand, under the normal load of 16 N, the mechanical effect is more important than tribochemical reactions, with increased formation of debris due to a brittle wear mechanism, like those presented by ceramic materials; the same was already found by [24] . Shallow cracks parallels to the surface coalesce resulting in debris in the form of micro-plates, a flake-like wear; such mechanism was described for brittle materials [9] . Figure 7 (c) shows a more severe material loss when there was no lubrication by natural saliva, while in Figure 7 (d) the degree of severity is lower. Such brittle mechanism found in dental enamel was named delamination in previous studies [23, 24] . However, in this work, we used the classic tribological definition [9, 25] . The presence of natural saliva was beneficial to reduce the wear volume. Under 8 N and natural saliva, the wear was greater than the dry condition, which apparently seems to be a clinical oxymoron, but this condition can be compared to that found in vivo: individuals without apparent changes in salivary flow show considerable wear with coverage loss of dental enamel and dentin exposure, even when young, in age from 18-25 years [5] . This predominant mode of wear seems to be coming from sliding under high loads (bruxism) because the enamel wear occurs on surfaces that do not come into contact during masticatory movements, or functional movements; only during parafunctional movements. However, the determination of a single mode in the oral environment is difficult because abrasion, sliding and/or corrosion wear occur simultaneously during the day. Clinical characteristics in vivo of wear lesions from bruxism, such that regular and shiny surfaces [6] , seems to be another important indicator correlated with the presence of tribochemical reactions. Unlike the rough and dull feature of the wear track of the samples tested in the dry condition (Figure 8 (a) ), the surface of the samples tested with natural saliva showed more regular and bright macroscopic appearance (Figure 8 (b) ); similar to the clinical aspect found in wear lesions. The need of chemical interactions to form regular and shiny surfaces interaction was also observed in the groups in which there was synergy between mechanical loading and reaction with the medium (citric acid with pH 3.2) [12] . Figure 9 shows the values of Sq within the wear track of the specimens. Initially, we observe that the roughness values of the specimens tested under load of 16 N were higher than those of 8 N. Regarding the effect of lubrication, although the higher wear volume obtained under 8 N load (Figure 6 ), the roughness provided by natural saliva lubrication is lower than those measured in the dry condition, which confirms the presence of tribochemical reaction interacting with the mechanical loading. Under a normal load of 16 N, the most severe condition (dry) showed a roughness value 2.5 times greater than those obtained in the lubricated condition. Initial Sq value Figure 9 . Sq values of worn surfaces of the specimens tested in the different lubrication conditions as a function of the normal load.
Friction Behavior
The friction coefficient values obtained on the stationary part of the friction curve as a function of time, for the three pairs used in the tests are shown in Table 1 . Under normal load of 8 N, there is a tendency to lower the friction coefficient in the natural saliva lubricated condition, which can be explained by the presence of tribochemical reactions and slightly less rough surfaces. Under normal load of 16 N, the high friction coefficient in the dry condition reflects the presence of a rougher and more deteriorated surface by brittle mechanisms.
Although there is a systems-dependence of frictional behavior [26] , from the point of view of the surface topography, the values found for the three conditions studied (8 N-dry, 8 N and 16 N-lubricated by natural saliva) were close, indicating a correlation with the values of roughness ( Figure 9 ).
CONCLUSION
The evolution of the wear of the enamel can be verified by the interrupted tests, the initial removal of interprismatic substance, followed by prisms fragmentation and layered material loss. Increasing the normal load induced brittle wear mechanisms and promoted greater wear volume, despite lubrication, however, the synergistic action of loading and chemical reactions revealed an important result for the low load condition: the tribochemical wear. The presence of tribochemical wear may be the explanation for the dental wear found in young adults presenting with bruxism and salivary lubrication satisfactory -until then, the absence of saliva seemed to favor the higher wear volume. The results of the friction coefficient and roughness were found essential to justify the presence of wear mechanisms in the different load conditions and lubrication: tribochemical reactions under 8 N and natural saliva; brittle fracture with formation of flake-like wear particles under 16 N (dry and lubricated), which is more severe than the mechanism observed under 8 N in the dry condition.
